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Abstract
This paper uses longitudinal test data to analyze the relation be-
tween retirement and cognitive development. Controlling for individ-
ual xed e¤ects, we nd that retirees face greater declines in infor-
mation processing speed than those who remain employed. However,
remarkably, their cognitive exibility declines less, an e¤ect that ap-
pears to be persistent 6 years after retirement. Both e¤ects of re-
tirement on cognitive development are comparable to those of a ve
to six-year age di¤erence. They cannot be explained by (1) a relief
e¤ect after being employed in low-skilled jobs, (2) mood swings or
(3) changes in lifestyle. Controlling for changes in blood pressure,
which are negatively related to cognitive exibility, we still nd lower
declines in cognitive exibility for retirees. Since the decline in in-
formation processing speed after retirement holds particularly for the
low educated, activating these persons after retirement could lower
the social costs of an aging society.
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1 Introduction
The graying of the post-war baby-boom generation and increased longevity
are forcing European countries to postpone the mandatory retirement age to
maintain the nancial sustainability of the pension systems. Several studies
in the economic literature analyze the physical and mental health of early
versus later retirement (Dave et al., 2008; Coe and Zamarro 2011). Further-
more, there is an emerging literature on the e¤ects of labor market inactivity
on a persons cognitive abilities (see the survey by Skirbekk, 2008). While the
psychological literature raises the related question of whether the non-use of
cognitive abilities causes cognitive decline (Schaie, 1994, Bosma et al., 2003
), it does not relate the use or non-use of cognitive abilities to participation
in the labor market. This raises the question of whether a person at the
edge of retirement has more cognitive stimuli at work or during retirement,
which may mitigate the negative relation between cognitive capacity and age
(Salthouse, 2006).
Both Bonsang et al. (2010) and Rohwedder and Willis (2009) nd that
retirement has a negative e¤ect on cognitive functioning, whereas Coe and
Zamorro (2010) do not nd any e¤ect, and Bingley and Martinello (2011) nd
a positive e¤ect. Remarkably, these studies use the same or similar datasets
and use country di¤erences in the age pattern of retirement or retirement
eligibility to control for unobserved heterogeneity and the endogeneity of re-
tirement decisions. Bingley and Martinello criticize the instruments used by
showing that di¤erent levels of average schooling across countries drive the
negative correlation between retirement and cognitive functioning. Further-
more, all four studies focus merely on a persons memory as measured by
a word recall test due to lack of alternative data.1 However, it should be
noted that cognition refers to broad aspects of intellectual functioning and
is essentially multidimensional (Bosma et al., 2003; De Grip et al., 2008).
This paper analyzes the e¤ects of both the transition from work to retire-
ment and being retired on the development of a persons cognitive abilities.
We distinguish between four dimensions of cognition: 1) immediate and 2)
delayed verbal memory, 3) cognitive exibility (Stroop test), and 4) infor-
mation processing speed and three types of labor market activity namely
employed, inactive and retired. Our analyses use longitudinal information
1Bonsang et al. (2010) and Coe and Zamarro (2011) also include a verbal uency score
in their analyses.
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on workers cognitive abilities from the MAastricht Aging Study (MAAS;
Jolles, et al., 1995). We address the issue of causality using the panel struc-
ture of the data. In this data set, a persons cognitive abilities and labor
market activity are measured at three points in time, wave 1 in 1993-1995;
wave 2 in 1999-2001; wave 3 in 2005-2007. This allows us to measure the
development of a persons cognitive abilities in two periods while controlling
for individualsxed e¤ects (in cognitive development) and lagged levels of
cognition.2
The structure of these data allows us to distinguish between those who
just retired and those who have been retired for at least 6 years. This al-
lows us to di¤erentiate between the short-term impact of the transition from
work to retirement from the long-term impact of being retired. Since the psy-
chological literature essentially explains the possible e¤ects of labor market
transitions from lifestyle-related changes in the use or non-use of a persons
cognitive abilities, our analyses also include transitions between work and
non retirement-related inactivity (unemployment or unpaid housework at an
earlier age).
Remarkably, our xed e¤ects estimates show that those who retire face a
signicantly smaller decline in cognitive exibility. This e¤ect appears to be
persistent since those who have been retired for six years or more also show
a signicantly lower decline in cognitive exibility. The size of the e¤ects is
considerable and compares to the loss in cognitive exibility between the ages
of 65 and 70 to 71 years old. However, workers who retire face a signicantly
higher decline in information processing speed compared to those who remain
at work. This reverse e¤ect is of similar magnitude to the e¤ect of retirement
on cognitive exibility. Following Coe and Zamorro (2011), we do not nd a
signicant e¤ect of retirement on (delayed) memory as Bonsang et al. (2010)
and Rohwedder and Willis (2009) did. These results show that retirement
may have di¤erent e¤ects on the various dimensions of a persons cognitive
ability.
We investigate the robustness of our ndings by formulating three hy-
potheses that may mitigate the relationship between retirement and a per-
sons cognitive development. The rst hypothesis focuses on the possibly
negative e¤ect of continuous employment in an uninspiring job on a persons
2We use the bias-corrected Least Squares Dummy Variable (LSDV) estimator developed
by Kiviet (1995) to account for the inherent downward bias in dynamic panel regression
with xed e¤ects.
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cognitive development. From this hypothesis, we derive the expectation that,
after a certain age, working has a wearing e¤ect on certain cognitive abilities
after someone has been doing the same routines for many years. Therefore
low-skilled blue collar workers especially may benet from this relief e¤ect
when they retire. We test this hypothesis by including an interaction term
for the transition from work to retirement in white collar jobs in the analysis.
While the xed e¤ects allows us to control for potential bias due to un-
observed variable/heterogeneity that changes at a constant rate over time,
it is not robust for characteristics that change at di¤erent rates over time.
We therefore formulate our second and third hypotheses, which further chal-
lenge the causal e¤ect of retirement on cognitive decline by including changes
in observed characteristics. The second hypothesis builds on the empirical
neuropsychological literature, which nds evidence that a persons mood or
mental health has a positive e¤ect on cognitive development. Since mood
changes are potentially positively related to cognitive development, the pos-
itive e¤ect of retirement on cognitive exibility could be due to a positive
e¤ect of retirement on a persons mood relative to continued labor market
activity (see Esteban et al., 2007). Conversely, the negative e¤ect of retire-
ment on information processing speed may be explained by a negative e¤ect
of retirement on a persons mood. Since our data contains information on
individualsmoods at three points in time, we test this hypothesis by in-
cluding mood changes in the regression of cognitive development on activity
status, and check the impact this inclusion has on the e¤ect of retirement on
cognitive decline.
The third hypothesis builds on empirical evidence found in the neuropsy-
chological literature on the e¤ect lifestyle can have on cognitive development
(see Calero-García et al., 2007; and Fratiglioni et al., 2004). Since one expects
individuals to change their lifestyle when they retire, the relation between
retirement and a persons cognitive development could be due to the e¤ect of
retirement on lifestyle. Our data contain detailed information on the physical
health of individuals and their drinking habits at the three points of mea-
surement. These indicators for a persons lifestyle can be used to test our
hypothesis by including changes in lifestyle characteristics in the regression
of activity status on cognitive decline and checking the impact this has on
the relation between retirement and cognitive decline.
Our estimation results show that neither the positive relation between re-
tirement and a persons cognitive exibility nor the negative relation between
retirement and information processing speed are due to changes in a persons
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mood or lifestyle upon retirement. However, we nd evidence that the nega-
tive relation between retirement and a persons information processing speed
is only true for low-skilled persons.
Our paper contributes to three broader segments of the literature. First, it
contributes to the literature on the obsolescence of human capital due to non-
use (see Rosen, 1975; Mincer and Ofek, 1982; De Grip et al., 2008) by gaining
insight into the di¤erences in the wear and tear e¤ects of cognitive abilities
during periods of labor market activity and inactivity. Second, we contribute
to the literature on the costs and benets of retirement and other kinds of
labor market inactivity. Whereas increasing numbers of studies examine the
mental health and unhappiness e¤ects of unemployment (e.g.. Hamilton et
al., 1997; Winkelmann and Winkelmann, 1998; Browning et al., 2006) on
retirement (e.g. Lindeboom et al., 2002) only a few, as mentioned above,
study the e¤ects on a persons cognitive abilities. These studies, however,
take into account only memory and do not specify a model that distinguishes
between the change in cognitive abilities between only two measurements3
for workers who retire during this period and those who are retired at both
measurements. Third, we contribute to the literature (e.g., Costa, 1998) on
the social costs and benets of postponing early and mandatory retirement.
The remainder of the paper is organized as follows. Section 2 discusses
the data and the measures of cognitive ability, mood and lifestyle that we
use in our analyses, including some descriptive statistics. Section 3 outlines
our empirical methodology and reports on the estimation results. Section 4
tests the three alternative hypotheses in mitigating the e¤ect of retirement
on cognitive decline. Section 5 concludes the paper.
2 Data
Our analyses use the data of the Maastricht Aging Study (MAAS) (for a
full account of this studys setting, we refer the reader to Jolles et al., 1995).
The MAAS aims at drawing a better understanding of the determinants of
cognitive aging. Its participants were recruited from the Registration Net-
work of Family Practices ( Metsemakers et al., 1992), a database containing
information about 80,000 persons registered at 57 general family doctors
3Pooled OLS and xed e¤ects regressions of the level of cognition on retirement show a
positive and often signicant coe¢ cient. The results are available from the authors upon
request.
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practices4 in the region of South Limburg, in the Netherlands. This pop-
ulation was pre-screened and about 4% were excluded because of chronic
neurological pathology (e.g., evidence of strokes, epilepsy or dementia), men-
tal retardation, or chronic psychotropic drug use. The remaining population
was stratied into 13 age classes, and about 850 patients by age class (about
11,000 patients in total) were randomly drawn from that population and
sent an invitation to participate in the study. Another 5% of this group
was excluded from the study by their practitioner during a visit in the prac-
tice for chronical pathologies. About 8,000 patients invited to take part in
the study completed the postal questionnaire containing information about
demographic variables, biological life events, general health and life, and psy-
chological health. Of this group, about 4,500 (60%) patients volunteered for
the additional test program, that took place in a hospital and consisted of a
medical and neurocognitive assessment.
About 2,800 participants were randomly drawn from the pool of 4,800
volunteers, to participate in the MAAS study. The participants were strati-
ed by age (with 12 age categories) and gender. The nal data set5 contains
baseline measurement data on 1,800 healthy participants, aged between 24
and 81 years old at baseline measurement in 1993-1995, say, time T . The
same persons were then retested twice with the same test battery: once after
six years (i.e., in the period 1999-2001), at T+6, and once after 12 years (i.e.,
in the period 2005-2007), at T + 12. The attrition rate is about 25% (435
participants dropped out) between T and T +6, and 13% between T +6 and
T + 12 (another180participants). Fortunately, the probability of dropping
out between two waves is not related to labor market activity or cognitive
measures (in levels between T and T +6 and levels and change between T +6
and T + 12), except for information processing, for which there is some evi-
dence that those who dropped out had experienced a decline in that measure
between the rst two measurements.6
4In the Netherlands, every individual is registered at a family doctor.
5About 600 were excluded after the rst telephone contact either because their status
was incompatible with the testing  for instance, 100 used daily psychoactive medication
and 20 had very poor visual and auditory function  or because they were aged outside of
the limits for the study. Another 330 declared not to be interested in the program after
the rst telephone contact and 90 simply did not show up at the rst meeting.
6These results are derived from a (probit) regression of the attrition status (dummy
equals one if a participant dropped out of the study between two waves) on the labor
market activity, levels and changes (for the attrition between the last two waves) in our
four measures of cognition and age and education. Detailed results are available from the
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Using the three waves of cognition measurement, we construct two waves
of measurement of cognitive development. The rst wave contains informa-
tion about cognitive decline between T and T + 6, and the second wave
contains information about cognitive development between T +6 and T +12.
These constructed data comprise a two-period unbalanced panel of about
1,360 individuals. On average, individuals were observed 1.8 times.
These data enable us to distinguish between three di¤erent labor market
statuses: employed, retired, and (other) inactive. The retired category
encompasses early retirement and retirement dened as people aged 65 (i.e.,
the mandatory retirement age) or older who do not have paid work. Those
who are neither employed nor retired are classied as inactive. From the use-
it-or-lose-itperspective, note that being retired or inactive merely refers to
labor market status and not necessarily the level of intellectual or physical
activity since the inactive group includes those involved in voluntary work.
<Insert Table 1>
As indicated by the transition matrices between t and t + 6, with t =
T; T + 6, reported in Table 1, a non-negligible number of persons changed
their employment status in the two periods we distinguished. In both peri-
ods about 20% change their employment status. This means that we have
su¢ cient observations o¤ the diagonal to distinguish between, for instance,
persons inactive at both t and t+6 from those inactive at t but employed at
t + 6. The remainder of the paper distinguishes between six groups: those
inactive at both t and t + 6 (group II), those inactive at t and employed
at t + 6 (group IA), those retired at both t and t + 6 (group RR), those
employed at t and inactive at t + 6(group EI), those employed at t and re-
tired at t+6 (group ER), and the reference group (EE), consisting of those
employed both at t and t+ 6.
2.1 Cognitive abilities
In the three test periods, T , T + 6 and T + 12, respondents underwent the
same set of standard neuropsychological tests to assess the following cognitive
domains:
 Memory, as in immediate recall (Word Learning Task or WLT test),
authors upon request.
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 Memory, as in delayed recall (WLT test),
 Cognitive exibility (Stroop test), an
 Information processing speed (Letter Digit Substitution Test or LDST).
The WLT evaluates the ability to acquire and retain new verbal infor-
mation (Van der Elst, et al., 2005). In each of three trials, a set of 15
frequently used monosyllabic words were presented in a xed order at a rate
of one every two seconds. These tests enable us to measure two aspects of
a persons cognitive abilities: their immediate recall abilities and their de-
layed recall abilities. After every trial, the participant had to reproduce the
memorized words (immediate recall test). The total number of correctly re-
produced words in three trials was recorded. Twenty minutes after the last
trial, the participant was again asked to reproduce the set of words (delayed
recall test) and the number of correctly reproduced words was recorded.
Selective attention and susceptibility to perceptual interference was mea-
sured by the Stroop Color and Word Test (Stroop, 1935; Van der Elst et
al., 2006b) which indicates a persons cognitive exibility. The test involves
naming as quickly as possible the colors of the printing ink of 100 names of
colors that do not match the color of the ink with which they are printed.
The number of seconds to complete the task is recorded. Performance in this
test is determined largely by the time needed to discard irrelevant but very
salient information (verbal) in favor of a less obvious aspect (the printing ink
color). It should be noted that a higher score (i.e., more seconds) on this
test indicates lower cognitive ability.
Finally, we used the LDST, a paper-and-pencil task in which a person is
asked to copy as accurately and as quickly as possible the numbers in a series
of boxes that are indexed by a unique letter. The letters refer to nine letter
number combinations displayed in a table at the top of the test sheet. The
number of correctly copied numbers after 90 seconds is used as the measure
of interest (Van der Elst et al., 2006a). In neuropsychological assessment,
this test is often used to obtain a general measure of information processing
speed (Lezak, 2004).
It is important to note that since employment status (retirement) is cor-
related with age, one needs to carefully isolate changes in cognition due to
age from changes due to other causes (e.g., changes in employment status).
As Figures 1 and 2 suggest, the age-proles of cognition and cognitive decline
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can be accurately approximated by low-order polynomials, for instance the
quadratic form.
<Insert Figures 1 and 2>
<Insert Table 2>
Table 2 shows the average mean levels and standard deviations of the
variables for our six groups. It shows that those who remained employed
between t and t + 6 had higher cognitive abilities than those who remained
inactive or retired. Moreover, those who retired (i.e., changed from being
employed to being retired) between t and t + 6 also had lower cognitive
abilities than those who remained employed. However, these di¤erences are
largely due to the large di¤erence in average age between the two groups.
<Insert Table 3>
As Table 3 shows, those who remained employed did not show greater
development (i.e., Cogit+6   Cogit) in all four cognitive abilities than those
who remain inactive or retired between the two test periods. In addition, the
cognitive development of employed persons who retire between the two test
periods was not systematically worse than for those who remained employed.
2.2 Mood
Our test of alternative explanations for the relation between cognitive decline
and retirement when measuring cognition by information processing or cogni-
tive exibility uses the data available on the respondentsmood. To measure
mood, we use the respondentsresponses to mood-related questions that ask
the respondents to express the extent to which they agree with 16 state-
ments related to their mood (cf. Wallace and Herzog, 1995). The following
is a subset of four of these statements.
On a scale from 1 (absolutely not) to 5 (totally), to what extent does the
following apply to you?
 I blame myself for everything happening to me.
 I feel lonely.
 I am at the far end of my rope.
9
 I am irritable.
Principal component analysis on the 16 statements reveals that the answer
to the third statement above, I am at the far end of my rope,correlates
very strongly, at about 0.85, with the rst two principal components that
together explain about 50% of the total variance. Since missing values are
relatively frequent and scattered across statements, we limited the number of
missing values by using the answer to this particular statement as a proxy for
mood, rather than the sum of the answers to all 16 statements. We construct
our measure of mood by subtracting the answer to the statement from zero
such that a higher score indicates a better mood. Table 3 shows that both
those who remain retired and those who retire between the two test periods
show a relative improvement in their mood compared to those who remain
employed.
2.3 Lifestyle
To test our third hypothesis on the e¤ect of di¤erences in life style on cog-
nitive development, we use data available on the physical health and drink-
ing behavior of the respondents. Since we are interested in physical health
changes related to life styles, changes in Body Mass Index (BMIt+6) and
blood pressure,7 (BPt t+6), seem to be the most appropriate variables.
Moreover, we use the available data on changes in drinking behavior as
proxied by the average number of glasses of alcohol per day (DDrinkt+6).
However, of the 1,360 respondents selected, we only obtained information on
alcohol use for about 990 persons in the three waves. Table 3 shows that
the physical health of those who remained retired as well as those who re-
tired between the two test periods improved relative to those who remained
employed. This holds for all four measures we included in our analysis.
7The dataset also includes a measure of auditive functioning, but this measure (in levels
or changes) is not correlateed with labor market activity or our measures of cognition.
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3 Empirical methodology and results
3.1 Main model
This paper analyzes the impact of labor market status on cognitive decline,
which we dene as change in cognition between two waves. The model we
estimate is:
Cogit+6   Cogit = X 0it + Z 0i+ Cogit + ERitER +RRitRR + (1)
IIitIR + IEitIE + EIitEI +
 t + "
0
it
where X 0it contains covariates that vary over time, age, and age squared,
8 Zi
contains covariates that are constant over time such as gender, eight educa-
tional dummies and eight occupational dummies. IIit takes the value one if
person i was inactive at t and t+ 6 and zero otherwise, IEti takes the value
one if person i was inactive at t and employed at t + 6 and zero otherwise,
RRit takes the value one if person i was retired at t and retired at t+ 6 and
zero otherwise, EIit takes the value one if person i was employed at t and
inactive at t+ 6 and zero otherwise and ERit takes the value one if person i
was inactive at t and retired at t+6 and zero otherwise.  t a period-specic
xed e¤ect. Furthermore, we relate change in cognition to a persons level of
cognition at t:This enables us to take into account the fact that the absolute
loss of cognition may be higher for those with higher levels of cognition at
the beginning of the period.
We begin the analysis by estimating the model depicted in Equation 1
ignoring the panel structure of the data and applying OLS to the pooled cross-
section for our four measures of cognition, respectively the WLT, delayed
WLT, Stroop and LDST separately. As noted, a higher score indicates higher
cognitive abilities for all tests but the Stroop, where a high score (i.e., more
seconds) indicates lower cognitive abilities.
<Insert Table 4>
8Higher orders are rarely signicant and as suggested by Figures 1 and 2, the quadratic
form is su¢ cient to pick up the age prole in cognitive decline.
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Table 4 shows that those who are inactive in the labor market do not face
a higher cognitive decline than those who are employed. However, the results
clearly show a signicantly lower cognitive decline for those who were retired
at both t and t+6 compared to people working at both t and t+6, for all four
measures of cognition. Moreover, we nd that those who retire between t and
t+6 experienced a lower decline in their cognitive exibility than those who
remained employed. Furthermore, our estimation results show that, for all
four measures, cognitive decline was greater in absolute terms for those with
higher cognition at the beginning of the period as indicated by the negative
and signicant coe¢ cients for initial cognition.
Next we estimate the model using xed e¤ects. The e¤ect of variables
contained in Zi, xed over time, are now captured as part of the individual
xed e¤ects i:
Cogit+6   Cogit = X 0it + Cogit + ERitER +RRitRR + (2)
IIitIR + IEitIE + EIitEI +
 t + i + "
0
it
As is well known in the literature (Nickell, 1981), the slope coe¢ cients in
this model are downward biased when using Least Dummy Variable Estima-
tor (LSDV). To correct for this bias, we apply Kiviets (1995) bias-corrected
LSDV estimator (LSDVC), and in particular use the Stata routine xtlsdvc
developed by Bruno (2005).
It is important to note that our specication in Equation 2 is dynamic.
The identifying assumption of our xed e¤ects model requires the e¤ect of
unobserved variables on changes in cognition to be constant over time. This
identifying assumption is weaker than that required in a static xed e¤ects
model: The e¤ect of unobserved variables on the level of cognition is constant
over time.
The results are reported in Table 5. With respect to information process-
ing (LDST), cognitive decline is larger and signicant for those who retired
between t and t + 6 compared to those who continued working, while with
respect to cognitive exibility (Stroop test) the cognitive decline is still lower
and signicant. This nding reveals a causal e¤ect of retirement on cogni-
tive decline with a di¤erent direction for di¤erent dimensions of cognition.
The magnitude of these e¤ects is considerable, resembling the di¤erence in
cognition between the age of 65 and 70 years old.
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<Insert Table 5>
Furthermore, we have experimented with various age specications such
as selecting only respondents aged 50 and above at baseline or adding a cubic
term. In all these specications we found coe¢ cients for ER and RR of a
similar magnitude as those presented in this paper. While the coe¢ cients are
still signicant for the cubic specication, selecting only those aged 50 or more
at baseline requires dropping 60% of our respondents, which subsequently
increased the condence intervals of our estimates and made our coe¢ cients
become insignicant.
3.2 Measurement errors and the learning e¤ect
As is well known in the psychological literature, cognitive tests su¤er from
a learning e¤ect; that is, at constant cognitive ability, people will perform
better at a test they have already done in the past. The learning e¤ect could
be seen as a specic change in measurement errors from period to period.
Including a period xed e¤ect allows us to control for the general impact of
the learning e¤ect. It is important to note that in all specications, the period
xed e¤ect (with the second period as the reference) is positive (although not
signicant in the xed e¤ect model), indicating a lower cognitive decline in
the rst period.
One may argue, however, that measurement errors are systematic and
drive the strong negative e¤ect of retirement on cognitive decline. Suppose
that cognition is measured with errors and write Cog = Cog + err where
Cog is the real cognition, Cog is the measured cognition, and the err are
measurement errors. Suppose that the errors of measurement systematically
di¤er across employment groups and especially between retired people and
the rest. A possible reason for this could be that retired people are more
motivated to do well in the test, are less stressed, or have more time to
prepare, such that they have better test results than those with the same
cognitive abilities but who are still employed. In this case, it is conceivable
that for retired persons measured cognition is equal to true cognition Cog =
Cog, while for employed persons measured cognition is below true cognition,
Cog < Cog or err < 0. However, since we are interested in changes in
cognition, this systematic measurement error is not enough to be the cause of
the lower cognitive decline for retired people observed above. If the errors are
the same all three times that people take the test, then the cognitive decline is
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not contaminated by measurement errors. Hence, these measurement errors
can only a¤ect di¤erences in cognitive decline between employed and retired
persons when the test e¤ort of retired persons increases between T and T +6
and between T+6 and T+12 compared to the test e¤orts of those who remain
employed. Although theoretically possible, the change in the motivation
of retired people relative to the employed that is required to t with the
above coe¢ cient is implausible: CogiR  CogEE = CogiR  CogEE +
erriR errEE = erriR errEE = iR for i = E;R. Retired people, for
instance, need to increase their motivation for the Stroop test compared to
employed persons to increase their cognition by six to seven points compared
to those employed.
As mentioned above, the magnitudes of our estimates correspond to the
loss of cognition a person experiences between the ages of 65 and 70 years.
This casts serious doubts on the plausibility of measurement errors as the
driving force behind the lower decline in cognitive exibility we found for
retired persons. In addition, a higher test e¤ort of the retired is not in line
with the greater decline in their information processing speed.
4 Test of alternative hypotheses
4.1 Cognitive declines in low-skilled work and among
the low skilled
The lower cognitive decline of retired persons could be due to the fact that
working after a certain age has a wearing e¤ect on cognitive ability. This
relief e¤ect can especially occur in low-skilled jobs where workers repeat
the same routines for years. To test this hypothesis, we check whether the
e¤ect of retirement on cognitive decline is linked to the type of job prior to
retirement. For this purpose, we augment our regression with the interaction
of retirement ER with a persons job level. Herewith, we distinguish between
white and blue collar occupations. The estimation results, presented in Table
6, show that the interaction term for being retired after having worked in a
white collar job is not signicantly related to declines in information process-
ing or cognitive exibility. The estimation results show that greater cognitive
decline in terms of cognitive exibility and lower cognitive decline in terms of
information processing for elderly persons who are still employed compared
to retired workers in the same age cohort is unrelated to job content before
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retirement.
<Insert Table 6>
Next, we run similar regressions where we interact retirement and workers
level of education, focusing on the dichotomy between high and low-skilled
persons. The results reported in Table 7 show that the higher cognitive
decline of elderly persons who are still employed compared to that of retired
workers in the same age cohort is unrelated to their level of education for
cognitive exibility. However, we nd evidence that higher-educated retirees
face a signicantly lower decline in their information processing speed (as
measured by the LDST) when retired than when still employed. This suggests
that it is the low educated who su¤er from a decline in information processing
speed upon retirement.
<Insert Table 7>
4.2 Do mood and life-style changes explain the lower
cognitive decline of retirees?
Since mood and life-style have been recognized as major determinants of
cognitive decline, retirement may cause a lower decline in cognitive exibility
when retirees improve their mood compared to persons who remain employed,
or when their lifestyle is more favorable to cognitive development than that
of those who continue working. Conversely, the higher decline in information
processing speed for those who retire from work may be explained by a worse
mood or lifestyle for retirees. We test for the e¤ect of mood and lifestyle by
alternatively adding mood changes and lifestyle changes to Equation 2.
We estimate Equation 3, which augments Equation 2 with changes in
Wit+6 between t and t+ 6 where W is either mood or a measure of lifestyle:
Cogit+6 = X
0
it+6 + Cogit + ERitER +RRitRR +
IIitII + IEitIE + EIitEI + (3)
Wit+6 +  t + i + "
0
it+6
If the variable W is responsible for the e¤ect of retirement on cognitive
decline, with Wit+6 in the regression, the coe¢ cient for mood or lifestyle,
, should be signicant and, at the same time, the coe¢ cients for RR and
ER should drop and become insignicant.
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4.2.1 Results
The results, reported in Table 8, show that mood changes are not signicantly
associated with any of our four dimensions of cognitive decline. This indicates
that neither the positive impact of retirement on cognitive exibility nor the
negative impact on information processing speed is due to di¤erences in mood
between retirees and those who remain employed.
<Insert Table 8>
We use four indicators to proxy for respondentslifestyles. The rst two
indicators reect changes in lifestyle concerning a persons physical health,
namely, changes in (1) BMI, (BMIt t+6), and (2) blood pressure, (BPt t+6).
The last life-style variable reects respondentsdrinking behavior, namely the
change in (3) the average number of glasses of alcohol per day, (GDrinkt t+6).
The results, reported in Tables 9 and 11, show that changes in BMI and daily
alcohol consumption are not related to cognitive development. Moreover, the
e¤ects of retirement on cognitive development (ER and RR), do not drop.
We conclude that the relation between cognitive development and retirement
cannot be attributed to changes in BMI or alcohol consumption. A similar
conclusion can be derived for changes in blood pressure, except for cognitive
exibility, as indicated in Table 10. Indeed, the results show that those who
experience an increase in blood pressure also have to cope with a signicantly
stronger decline in their cognitive exibility (i.e., a higher score on the Stroop
test). Nevertheless, this e¤ect does not alter the relation between the decline
in cognitive exibility and retirement; that is, the coe¢ cients are of similar
magnitude as in the previous specications and become even signicant at
the 5% level, as shown in Table 10.
<Insert Table 9>
<Insert Table 10 and 11>
4.2.2 Preferred specications
To summarize our main ndings, Table 12 presents the main coe¢ cients of
interest for our preferred specication. For memory and delayed memory, we
nd no e¤ects of retirement or labor market inactivity on cognitive decline
(even when controlling for the role of skills) or any relation between mood
16
and life-style on the one hand, and cognitive decline, on the other. Our
preferred specication is therefore the xed e¤ects regression presented in
Equation 2. In contrast, for cognitive exibility, we nd that changes in
blood pressure have a signicant negative impact on cognitive development,
and our preferred specication is the xed e¤ects regression including changes
in blood pressure. For the information processing measure, we nd that none
of the life-style variables have an impact on cognitive development. However,
the negative impact of retirement on information processing speed seems
to be relevant only for low-skilled persons. Our preferred specication is
therefore the xed e¤ects regression including the interaction of the employed
retired dummy with the educational level dummy.
<Insert Table 12>
Since the scale of the cognitive tests is hard to interpret, the magnitude
of our estimates is better expressed in terms of life years, making use of the
relation between age and cognition. Using the estimates of Table 12, we
nd that a 65-year-old worker has the cognition exibility of a 69.5-year-old
retired person. On the other hand, a 65-year-old low-skilled retired person
has the information processing cognition of a 71-year-old low-skilled worker.
5 Conclusion and implications
This paper uses longitudinal test data to analyze the e¤ect of retirement on
a persons cognitive abilities with respect to memory, cognitive exibility,
and information processing speed. Our data allow us to distinguish between
the e¤ects of the transition from work to retirement on a persons cognitive
development and the persistence of these e¤ects after being retired for a
longer period. Controlling for individual xed e¤ects, we nd that those who
retire from work face greater declines with respect to information processing
speed than those who remain employed. However, remarkably, those who
retire face less decline with respect to their cognitive exibility. Moreover,
this e¤ect appears to be persistent after being retired for at least six years.
The e¤ects we nd are comparable to the e¤ect of a ve-year age di¤erence
and cannot be explained by (1) measurement errors, (2) a relief e¤ect after
being employed in low-skilled jobs, (3) mood swings, or (4) positive changes
in lifestyle upon retirement. Controlling for changes in blood pressure, which
are negatively related to cognitive exibility, the lower decline in cognitive
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exibility for the retirees still holds. However, since our proxies for a persons
lifestyle only pick up the e¤ects of lifestyle related to physical health, we can
only conclude that di¤erences in lifestyle that may a¤ect cognitive decline
are not related to physical health or drinking habits. The same holds for
mental health, in-so-far as this is measured by our mood indicator. Our data
do not allow us to analyze whether the lower decline in cognitive exibility of
retirees is related to being involved in more intellectual activities (Erickson
et al., 1986), social relationships (Cohen, 2004), or a more varied lifestyle
(volunteer activities, traveling, etc.) after retirement (Siegrist et al., 2004).
The contrasting results we nd for information processing and cognitive
exibility suggest a trade-o¤ between various aspects of cognition: Partici-
pating in activities that develop one aspect of cognition (cognitive exibility)
may reduce the development of other aspects (information processing). This
resembles the ndings of a recent study by Woollett and Maguire (2011),
who show that experienced qualied London taxi drivers display a greater
memory for spatial knowledge but lesser memory for the delayed recall of
complex gures compared to less experienced or retired taxi drivers or con-
trol participants. Our ndings suggest that this trade-o¤ holds particularly
for low-educated retirees.
Our estimation results do not support the use-it-or-lose-itndings of
Bonsang et al (2010) and Rohwedder and Willis (2009) with respect to per-
sons recall abilities. However, with respect to these memory abilities our
ndings resemble those of Coe and Zamarro (2011). The di¤erent results on
the development of a persons memory after retirement between our study
and those of Bonsang et al. and Rohwedder and Willis may also be related
to the di¤erent settings in which cognition was tested. Whereas the memory
cognition tests in the HRS and SHARE were part of the survey interview,
the MAAS participants were tested in a hospital setting. We expect this
hospital setting improved the testing commitment of all participants.
The positive e¤ect we nd of retirement on a persons cognitive exibility
shows that retirement does not necessarily refer to the non-use of a persons
cognitive abilities. Retirees may, for instance, enrich their lives through vol-
untary activities, travel, and other challenging activities that broaden their
scope compared to the narrower range of activities at work before retirement.
From this perspective, it is understandable that this nding particularly holds
for a persons cognitive exibility. When persons retire, they have to learn
new routines and may get involved in a much broader range of new activities
than they were involved in at the end of their working careers. It is interest-
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ing to see that this does not hold for those who become inactive at a younger
age because of unemployment or other causes of labour market inactivity.
Obviously, our ndings may have important policy implications. To cope
with the increasing costs of an aging population, in many industrialized coun-
tries public policy aims to postpone the mandatory age of retirement. Our
results suggest that this postponement of retirement has a positive e¤ect on
the information processing speed of the elderly but accelerates the decline of
their cognitive exibility, which may increase both the social and nancial
costs of an aging population. Since the decline in information processing
speed after retirement is especially true for the low-educated, activating such
persons after retirement could lower the social costs of an aging society.
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Figure 1: Cognition scores and age. Local polynomial smoothing and 95%
condence interval of the z-score by age.
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Table 1: Employment status transition matrix between t and t+6.
Activity at T + 6
Inactive Retired Employed Total
Inactive 22:2 0 4:8 27:0
Activity at T Retired 0 19:6 0 19:6
Employed 5:3 3:5 45:6 54:4
Total 27:5 23:1 50:4 100
Activity at T + 12
Inactive Retired Employed Total
Inactive 17:9 0 8:5 26:4
Activity at T + 6 Retired 0 23:7 0 23:7
Employed 5:0 7:0 37:9 49:9
Total 22:9 30:7 46:4 100
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Table 4: OLS regression
WLT WLT del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.1630 0.3446* -5.2899*** 0.6679
(0.360) (0.184) (1.928) (0.438)
Employed -> Retired 0.1095 0.1202 -3.7101 -0.7708
(0.462) (0.236) (2.479) (0.559)
Inactive -> Inactive 0.0165 0.0186 -2.9331** 0.0066
(0.271) (0.139) (1.446) (0.330)
Inactive -> Employed -0.0677 0.2008 0.5079 0.1303
(0.414) (0.212) (2.187) (0.501)
Employed -> Inactive 0.0739 0.0439 -3.0510 -0.1068
(0.388) (0.198) (2.047) (0.470)
Period initial cognition -0.4530*** -0.4012*** -0.1040*** -0.1701***
(0.018) (0.018) (0.025) (0.013)
Age 0.1119** 0.1263*** -1.6625*** 0.2825***
(0.052) (0.026) (0.277) (0.063)
Age square (/100) -0.1794*** -0.1557*** 2.0272*** -0.4036***
(0.044) (0.023) (0.240) (0.054)
Gender 1.0239*** 0.5438*** -2.1715** 0.7042***
(0.201) (0.103) (1.052) (0.239)
First period dummy 1.0351*** 0.4958*** -1.0094 4.8764***
(0.196) (0.097) (0.975) (0.231)
Constant 9.5817*** 1.2178 42.1681*** 0.6338
(1.592) (0.797) (8.536) (1.977)
Education dummies Yes Yes Yes Yes
Occupation dummies Yes Yes Yes Yes
Marital status dummies Yes Yes Yes Yes
Observations 2444 2442 2413 2443
R squared 0.282 0.242 0.148 0.354
Standard errors in parentheses
* p<0.10 ** p<0.05 *** p<0.01
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Table 5: Fixed-e¤ects regressions
WLT WLT-del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.1788 0.2190 -8.9011* -1.3148
(0.693) (0.412) (4.790) (1.306)
Employed -> Retired 0.0247 0.3116 -5.6597* -1.8771***
(0.598) (0.253) (3.055) (0.721)
Inactive -> Inactive 0.3716 0.3480 -2.8811 -0.6376
(0.613) (0.309) (3.022) (0.850)
Inactive -> Employed 0.2132 0.4089 -2.2079 0.1659
(0.550) (0.298) (3.408) (0.851)
Employed -> Inactive -0.2391 0.2856 -3.9168 -0.1784
(0.523) (0.234) (2.789) (0.697)
Period initial cognition -1.0879*** -0.9646*** -0.7556*** -0.7077***
(0.049) (0.045) (0.217) (0.122)
Age 0.0697 0.4143** -6.3888*** 0.8689**
(0.294) (0.171) (1.532) (0.367)
Age square (/100) -0.2489*** -0.3415*** 4.8770*** -1.0440***
(0.094) (0.048) (0.675) (0.149)
First period dummy -1.2189 0.5577 -12.5176 2.8426
(1.833) (0.991) (9.127) (2.022)
Observations 2444 2442 2413 2443
No. of individuals 1359 1360 1341 1358
Standard errors in parentheses.
* p<0.10 ** p<0.05 *** p<0.01.
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Table 6: Fixed-e¤ects regressions: retirement and job level (white versus blue
collar)
WLT WLT-del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.1418 0.1821 -9.0997* -1.3911
(0.689) (0.408) (4.806) (1.322)
Employed -> Retired -0.4212 -0.1162 -7.8041 -2.7710***
(0.930) (0.390) (4.956) (1.065)
Employed -> Retired and white collar jobs 0.7079 0.6683 3.3011 1.4054
(1.000) (0.546) (5.593) (1.368)
Inactive -> Inactive 0.3586 0.3360 -2.9494 -0.6655
(0.611) (0.306) (3.020) (0.852)
Inactive -> Employed 0.2070 0.4041 -2.2388 0.1535
(0.551) (0.298) (3.412) (0.856)
Employed -> Inactive -0.2443 0.2809 -3.9474 -0.1923
(0.524) (0.235) (2.774) (0.702)
Period initial cognition -1.0865*** -0.9618*** -0.7550*** -0.7010***
(0.049) (0.045) (0.217) (0.123)
Age 0.0712 0.4161** -6.3726*** 0.8648**
(0.294) (0.171) (1.532) (0.372)
Age square (/100) -0.2477*** -0.3408*** 4.8769*** -1.0391***
(0.094) (0.048) (0.675) (0.151)
First period dummy -1.1964 0.5768 -12.4139 2.8679
(1.835) (0.993) (9.146) (2.033)
Observations 2444 2442 2413 2443
No. of individuals 1359 1360 1341 1358
Standard errors in parentheses .
* p<0.10 ** p<0.05 *** p<0.01.
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Table 7: Fixed-e¤ects regressions: retirement and skills level (high-skilled
versus low-skilled)
WLT WLT-del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.1813 0.1357 -8.6975* -1.5834
(0.671) (0.409) (4.818) (1.310)
Employed -> Retired 0.0377 -0.1397 -4.6312 -3.3565***
(0.777) (0.339) (3.894) (0.983)
Employed -> Retired and high skills -0.0247 0.8437* -1.8608 2.7947**
(0.968) (0.474) (4.954) (1.407)
Inactive -> Inactive 0.3725 0.3203 -2.8109 -0.7320
(0.611) (0.309) (3.077) (0.848)
Inactive -> Employed 0.2136 0.3972 -2.1755 0.1215
(0.552) (0.300) (3.433) (0.855)
Employed -> Inactive -0.2388 0.2746 -3.8870 -0.2194
(0.526) (0.234) (2.790) (0.695)
Period initial cognition -1.0881*** -0.9594*** -0.7557*** -0.7026***
(0.049) (0.046) (0.217) (0.122)
Age 0.0699 0.4065** -6.3809*** 0.8342**
(0.294) (0.171) (1.536) (0.368)
Age square (/100) -0.2490*** -0.3390*** 4.8730*** -1.0331***
(0.094) (0.048) (0.678) (0.150)
First period dummy -1.2185 0.5319 -12.4980 2.7156
(1.831) (0.991) (9.131) (2.025)
Observations 2444 2442 2413 2443
No. of individuals 1359 1360 1341 1358
Standard errors in parentheses.
* p<0.10 ** p<0.05 *** p<0.01.
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Table 8: Fixed e¤ects regressions: mood changes
WLT WLT-del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.8862 0.2641 -8.0593 -1.0586
(0.871) (0.486) (6.657) (1.662)
Employed -> Retired -0.0174 0.2144 -5.0784 -1.7179*
(0.608) (0.293) (3.721) (0.912)
Inactive -> Inactive 0.8331 0.2450 -2.0508 -0.5661
(0.762) (0.385) (5.000) (1.163)
Inactive -> Employed 0.3084 0.2603 -1.9136 0.4111
(0.621) (0.303) (3.664) (0.951)
Employed -> Inactive 0.2168 0.2074 -4.1138 0.0812
(0.545) (0.240) (3.500) (0.935)
Period initial cognition -1.0733*** -0.9740*** -0.8135*** -0.6940***
(0.043) (0.051) (0.240) (0.127)
Age -0.0111 0.5635*** -6.3602*** 1.1386*
(0.274) (0.181) (2.351) (0.618)
Age square (/100) -0.2174** -0.3558*** 4.7499*** -0.9929***
(0.100) (0.056) (0.755) (0.128)
Change in mood 0.0791 0.0113 -0.4494 0.1166
(0.076) (0.052) (0.592) (0.147)
First period dummy -1.4492 1.3138 -12.5398 4.8214
(1.770) (1.006) (13.173) (3.364)
Observations 2056 2054 2038 2054
No. of individuals 1213 1214 1203 1211
Standard errors in parentheses.
* p<0.10 ** p<0.05 *** p<0.01.
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Table 9: Fixed-e¤ects regressions: BMI changes
WLT WLT-del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.1175 0.1022 -8.1338 -1.4575
(0.779) (0.455) (5.676) (1.184)
Employed -> Retired -0.0405 0.3056 -5.5141 -1.8647***
(0.420) (0.294) (3.596) (0.599)
Inactive -> Inactive 0.4029 0.3601 -3.1629 -0.8426
(0.615) (0.276) (3.021) (0.924)
Inactive -> Employed 0.1847 0.4004 -2.6138 0.0926
(0.538) (0.297) (2.691) (0.785)
Employed -> Inactive -0.1709 0.2858 -4.2370 -0.2440
(0.553) (0.231) (2.651) (0.805)
Period initial cognition -1.0728*** -0.9573*** -0.7543*** -0.7420***
(0.041) (0.040) (0.212) (0.105)
Age -0.0893 0.3236** -6.3816*** 0.9458**
(0.342) (0.144) (1.764) (0.467)
Age square (/100) -0.2351** -0.3223*** 4.7911*** -1.0289***
(0.094) (0.042) (0.549) (0.145)
Change in BMI (/100) 4.4137 4.8084* 3.0630 -5.5901
(5.018) (2.891) (2.688) (6.769)
First period dummy -2.1081 0.0928 -13.1704 3.3046
(2.098) (0.822) (10.904) (2.600)
Observations 2374 2372 2347 2374
No. of individuals 1321 1322 1306 1321
Standard errors in parentheses.
* p<0.10 ** p<0.05 *** p<0.01.
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Table 10: Fixed-e¤ects regressions: blood presure changes
WLT WLT-del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.2098 0.3172 -7.9699** -1.4966
(1.113) (0.499) (3.959) (1.235)
Employed -> Retired 0.0239 0.4654 -6.8393** -1.6174*
(0.616) (0.296) (2.727) (0.918)
Inactive -> Inactive 0.4263 0.3742 -1.2970 -0.5821
(0.581) (0.306) (2.578) (0.740)
Inactive -> Employed 0.2690 0.3413 -0.8216 0.1055
(0.577) (0.360) (2.534) (0.731)
employed -> Inactive -0.2401 0.1995 -2.7198 -0.1940
(0.516) (0.268) (2.514) (0.775)
Period initial cognition -1.0591*** -0.9931*** -0.9837*** -0.8332***
(0.045) (0.038) (0.152) (0.117)
Age -0.0449 0.3761*** -4.9304*** 0.5811
(0.267) (0.131) (1.307) (0.426)
Age square (/100) -0.2345*** -0.3268*** 4.0994*** -0.8636***
(0.081) (0.054) (0.543) (0.124)
Change in blood pressure 0.0069 -0.0022 0.0607** 0.0120
(0.005) (0.003) (0.026) (0.010)
First period dummy -1.7600 0.4274 -8.1779 1.6986
(1.619) (0.757) (8.146) (2.630)
Observations 2223 2223 2204 2222
No. of individuals 1272 1273 1260 1271
Standard errors in parentheses.
* p<0.10 ** p<0.05 *** p<0.01.
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Table 11: Fixed-e¤ects regressions: Alcohol consumption changes
WLT WLT-del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.2133 -0.1477 -4.9493 0.4706
(1.273) (0.471) (6.084) (1.853)
Employed -> Retired 0.1254 0.1656 -2.7177 -0.9776
(0.619) (0.326) (3.981) (1.065)
Inactive -> Inactive 0.4023 0.2641 -1.0590 0.1556
(0.851) (0.343) (4.215) (1.288)
Inactive -> Employed 0.0936 0.2564 -3.9300 1.6355
(0.737) (0.290) (3.349) (1.079)
Employed -> Inactive 0.0332 0.4081 -3.4093 0.1021
(0.530) (0.306) (3.265) (0.910)
Period initial cognition -1.1060*** -0.9519** -0.5991*** -0.6552***
(0.061) (0.060) (0.177) (0.162)
Age -0.0496 0.3909* -5.0732** 1.3945*
(0.368) (0.211) (2.210) (0.741)
Age square (/100) -0.2576** -0.3247*** 3.5362*** -1.2049***
(0.103) (0.063) (0.697) (0.200)
Change in drinks per day -0.0407 0.0286 0.2097 0.0229
(0.060) (0.031) (0.330) (0.122)
First period dummy -2.0069 0.4681 -11.5842 5.3380
(2.216) (1.243) (12.438) (3.853)
Observations 1668 1667 1656 1667
No. of individuals 995 996 987 995
Standard errors in parentheses.
* p<0.10 ** p<0.05 *** p<0.01.
35
Table 12: Main coe¢ cients of our preferred specications for each test
WLT WLT-del Stroop LDST
Employed -> Employed ref. ref. ref. ref.
Retired -> Retired 0.1788 0.2190 -7.9699** -1.5834
Employed -> Retired 0.0247 0.3116 -6.8393** -3.3565***
Employed -> Retired and high skills 2.7947**
Age 0.0697 0.4143** -4.9304*** 0.8342**
Age square (/100) -0.2489*** -0.3415*** 4.0994*** -1.0331***
Change in blood pressure 0.0607**
* p<0.10 ** p<0.05 *** p<0.01.
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